ABSTRACT Females and males of the rice water weevil, Lissorhoptrus oryzophilus Kuschel (Coleoptera: Erirhinidae), have two elytral color morphs in Texas: the central pattern of their elytra is black (dark morph) or gray (light morph). In southeast Texas, the dark and light females exhibited similar proportions (28.6 and 32.0%, respectively) in populations collected during the spring. In this study, females of the two morphs were collected near rice Þelds in southeast Texas during April and May 2005. In the laboratory, light females were more active than dark ones. They mated equally successfully with males, irrespective of morph. For females supplied with males for 2 d or kept solitary, and then reared on rice seedlings for 48 d, no signiÞcant differences were found between the two morphs in oviposition period, number of eggs deposited, and survival rate. In both morphs, a proportion of mated females did not oviposit throughout the rearing period, implying that a mating experience might be necessary before reproductive development can be initiated. However, oviposition occurred in a proportion of females in which no mating experience could be detected, and their eggs produced larvae, which suggests the probability of existing parthenogenetic females in southeast Texas.
The elytral color dimorphism or polymorphism in coleopterans has been interpreted as an adaptation to varying thermal environments within the geographical distribution of the species (Berry and Willmer 1986, Osawa and Nishida 1992 [and references therein] , Gross et al. 2004 , Kawamura et al. 2005 . Melanic (dark) elytral coloring is more conducive to maintaining body temperature than nonmelanic coloring (Stewart and Dixon 1989, de Jong et al. 1996 , Rhamhalinghan 1999 , Gross et al. 2004 ), which might serve as an adaptation of the species living in higher latitudes with lower ambient temperatures. Moreover, elytral color morph also has been known as a factor affecting temperature-dependent activities, such as walking. For example, in the leaf beetle, Chrysomela lapponica L., exposed to light, dark morphs increased their body temperature within a shorter time and reached higher mean body temperatures and had a signiÞcantly faster walking speed at the low temperature compared with light morphs (Gross et al. 2004) .
Attention has also been paid to the relations of elytral color morph to mate selection (Osawa and Nishida 1992 , Hodek and Ceryngier 2000 , Machado and Araú jo 2003 and reproductive properties (Rhamhalinghan 1999) . In the coccinellid, Harmonia axyridis Pallas, the elytral color of males is an important factor in female mate selection. In Honshu, Japan, melanic and nonmelanic females of this insect preferentially chose nonmelanic males in spring, but nonmelanics were less successful at mating than melanics in summer (Osawa and Nishida 1992) . However, in many other elytral polymorphic insects, such as the cantharid, Chauliognathus fallax Germar, mating among morphs was random (Machado and Araú jo 2003) . Rhamhalinghan (1999) reported that melanics of the coccinellid, Coccinella septempunctata L., were more fecund than the typicals at low temperatures up to 26ЊC, and fecundity increased with increasing pigmentation.
The rice water weevil, Lissorhoptrus oryzophilus Kuschel (Coleoptera: Erirhinidae), is a serious insect pest of rice in the United States (Way 1990 , Tindall et al. 2004 , Zou et al. 2004 ). This weevil is native to North America (OÕBrien and Wibmer 1982) and has been introduced into Japan (Iwata 1976) , Korea (Goh and Choi 1993) , China (Zhai et al. 1997) , and Italy (Caldara et al. 2004 ). In the southern United States, both sexes of this weevil occur, but in the invasive areas of Asian countries, Italy, and California, only females can be found, so they reproduce parthenogenetically (Takenouchi 1978 , Grigarick 1993 , Caldara et al. 2004 .
The elytra of L. oryzophilus have been described as olive-gray to tan with a dark V-shaped area (Dale 1994) . In southeast Texas, we found that this weevil has two conspicuous elytral color morphs: the central pattern on the elytra is black (dark morph) or gray (light morph) (Jiang et al. 2006 ). Both morphs occurred in both sexes of adults collected from overwintering sites during April and May: in the male, the dark and light morph accounted for 7.4 and 32.0% of the population, respectively; in the female, the dark and light morphs had a similar frequency, 28.6 and 32.0%, respectively (Jiang et al. 2006) . In this region, weevils with reddish brown integument on the elytra can also be found, but this morph is not common: in rice Þelds or light trap collections, it occurs only from late August and on, and it seldom occurs in newly emerged or young adults (M. X. Jiang, personal observation). However, in the invasive areas including California and provinces of Hebei and Zhejiang in China, dark morph females (described as "dark females" below) are very dominant (Ͼ97%) in populations, and few light morph females (described as "light females" below) can be found (M. X. Jiang, personal observation). Apparently, to date, dark females of this weevil have successfully established outside the southern United States, in part because of its parthenogenetic ability (Chen et al. 2005 , Saito et al. 2005 .
We hypothesized that elytral color morphs in L. oryzophilus might be related to locomotion, mating, or reproduction, as observed in other insects described above. That is, females of different morphs might have different activities, mating success, and reproductive capacity, and subsequently have contributed to its population dynamics and geographical distribution. Objectives of this study were to compare these aspects of the rice water weevil between the two color morphs and thus to enrich our knowledge of its population ecology in southeast Texas.
Materials and Methods

Adults
Adult collections were conducted at the Texas A&M University Agricultural Research and Extension Center, Beaumont (30Њ05Ј N, 94Њ06Ј W) from early April to late May 2005. Adults were collected from two sources: overwintering sites and a light trap.
Adults from overwintering sites were obtained by collecting clumps of grass weeds with adult feeding scars and surrounding ground litter located on ditch banks or fallow margins adjacent to rice Þelds. The clumps and litter were brought to the laboratory and gently sifted through an aluminum sieve with 3-mmdiameter pores. Material passing through the sieve was exposed to sunlight or ßuorescent light to activate adults for collection.
The light trap was equipped with a 22-W circular lamp (FC8T9/350BL/RS; Sylvania, Brooklyn, NY), and was placed near grass patches and fallow Þelds, which were overwintering sites with large numbers of adult weevils (Jiang et al. 2006) . The trap was operated from 1800 to 0800 hours daily.
Rice Plants
The rice cultivar Bengal, which is highly susceptible to L. oryzophilus infestation (Stout et al. 2001) , was used in our experiments. Seedlings were grown in several square tubs (78 cm each side, 18.5 cm tall) that were kept in an insect-free greenhouse maintained at 26 Ð31ЊC. Seeds were sown at intervals of 5Ð7 d, with 50 g of seed and 25 g of urea fertilizer (46% N) applied at each sowing. Fourteen-to 20-d-old seedlings were used to rear weevils.
Locomotor Activity
Flip time was used as an indicator of locomotor activity. Because females of each morph may have different physiological states (ovarian development stage) during different times (Jiang et al. 2006) , and thus their activity may vary with season, tests were conducted on three dates: 10 Ð11, 16, and 25 May. Females were collected by light trap. Soon after collection, they were transferred to the laboratory, which was maintained at 19 Ð22ЊC and equipped with a 34-W ßuorescent lamp (Watt-Miser; SLI Lighting, Mullins, SC). Females were tested 170 cm vertically from the lamp. Individual females were placed in the center of a Þlter paper (11 cm diameter; Xinhua Paper Industry Co., Hangzhou, China), and the weevil was ßipped over so that its venter was facing up. The time, measured by a stop watch, required for the weevil to right itself is deÞned as the "ßip time." Such a procedure was repeated three times in succession for each female. If the female failed to right itself within 120 s, testing of this individual was terminated. For each valid weevil, the three measurements were averaged, and the mean was used in data analysis.
Mating Success
The dark females, light females, and light males used in this experiment were collected by light trap on 30 April. Dark males, which were much more difÞcult to collect because of their low occurrence (accounting for only 3.5Ð7.4%; Jiang et al. 2006) in populations, were gathered during late April from the light trap and overwintering sites; they were placed on rice seedlings before subjected to tests. The Þve treatments for the experiment were (1) one dark female and one dark male, (2) one light female and one dark male, (3) one dark female and one light male, (4) one light female and one light male, and (5) one dark female, one light female, and one light male. In each treatment, 50 Ð 60 replicates were used.
On 30 April, for each replicate, adults were placed in a glass tube (2.0 cm diameter, 14.8 cm length) containing tap water to 1 cm depth and plants of St. Augustine, Stenotaphrum secundatum (Walt.) Kuntze, an important host of L. oryzophilus at overwintering sites (M. X. Jiang, personal observation). All adults were kept in a climate controlled chamber that was maintained at Ϸ26.7ЊC, with a photoperiod of 14:10 (L:D) h. After 24 h, adult survival was monitored, and only females in the tubes where each insect survived were kept. The abdomen of each female was dissected in saline (9.0 g NaCl, 0.2 g KCl, 0.2 g CaCl 2 , and 4.0 g sucrose per 1 liter), and the appearance of the spermathecal body was observed under a dissecting microscope. We found that the interior of the spermathecal body in successfully mated females was white or pale because of the presence of spermatozoa, whereas the spermathecal body in unmated females was brown and translucent without any visible contents. Using this criterion, percentages of females before and after mating tests were determined.
Reproductive Capacity
To obtain comprehensive results, three experiments were conducted using adults collected from different sources at different times. Before each experiment, adult collection had to be continued for 4 Ð5 d to obtain enough adults. Thus, the date of initiating experiments was based on the time when enough adults were collected, and the number of adults used in each experiment was based on the number of adults we collected. All of the males used were in light morph, because dark males were much difÞcult to collect because of their low occurrence.
Experiment I. Adults were collected from overwintering sites from 9 to 13 April, when most individuals had not resumed postwinter activity as indicated by the low presence of feeding scars on host plants. At this time, collections were difÞcult, and only a limited number of adults were used in this experiment. On the day after collection, dark females and light females were, respectively, released into four and two transparent plastic cylinders (11.5 cm diameter, 9.8 cm tall) with 13Ð17 females per container; each container was Þlled to a depth of 1 cm tap water and possessed plants of S. secundatum. Then, one container for each morph was supplied with the same number of light males (male-supplied treatment), whereas the other containers were not supplied with males (male-not-supplied treatment). Aims of the two treatments were to compare the reproductive capacity between morphs and to determine relationships to mating status (mating experience).
Experiment II. Adults were collected from overwintering sites from 20 to 23 April, i.e., during the time approaching peak seasonal occurrence of adults. On the day after collection, adults of each morph were released into the three containers described above, with 13 females and 13 males per container.
Experiment III. Adults were collected by light trap from 20 to 23 April. On the day after collection, females of each morph were released into the three containers described above, with 13 females per container and without males being supplied.
Before each experiment, an additional sample of females, which were collected at the same site and date, were dissected to determine percentage of mated individuals. After the above preparations, containers were maintained in the climate-controlled chamber described above. Two days later, live females in containers were transferred individually into glass tubes (2.5 cm diameter, 20 cm length) containing tap water 6 Ð7 cm depth and two 14-to 20-d-old rice plants, and again placed in the chamber. Thereafter, plants in tubes were replaced every 4 d with new plants. At each replacement, eggs deposited in leaf sheaths were counted under a dissecting microscope. The number of dead females was recorded daily and the corpses dissected as soon as they were discovered to determine their mating status. These procedures were continued for 48 d after which all living females were dissected and their mating status determined (our previous observation showed that female mating status could be easily determined at 48 d after treatment, based on the appearance of spermathecal body described earlier).
Percentage of mated and ovipositing individuals, oviposition period, number of deposited eggs, and survival rate were determined for females of each morph in each treatment.
Fertility of Offspring Eggs
During each experiment, as oviposition began, eggs were sampled randomly from females for fertility observations; as the experiments ended, a total of 29, 27, and 6 females were sampled randomly in experiments I, II, and III, respectively. Eggs in leaf sheaths were transferred by a Þne dissecting needle to plastic vials (1.8 cm diameter, 5.0 cm tall) containing tap water of Ϸ1 cm depth. The vials were placed under Ϸ26.7ЊC in the climate controlled chamber. Seven days later, developmental status of eggs was observed under the microscope, and the number of emerging larvae was recorded. The number of eggs and emerging larvae were pooled for each female to calculate hatch percentage. To determine relations of egg hatchability to mating status of mothers, the hatch percentages from mated females and those from unmated females were separately averaged within each morph.
Data Analyses
Statistical analyses were performed using the SPSS package (SPSS 1999). Independent-samples t-test was used to test the difference in ßip time, oviposition period, egg number, and hatch percentage between the morphs at the level P ϭ 0.05. Number of specimens falling into mated/unmated or ovipositing/nonovipositing versus dark-/light-morph were arranged into 2 by 2 tables, and the 2 test was used to test the equality of proportions at the level P ϭ 0.05.
Results
Locomotor Activity
In each test, the light females had shorter ßip time than dark females. Such a difference was statistically signiÞcant on 10 Ð11 and 16 May but not signiÞcant on 25 May. That is, the result was inconsistent among the three dates. On pooling the test dates, the difference in ßip time between morphs was signiÞcant (Table 1) .
Mating Success
Before subjected to mating tests, only 14.3% of dark females (n ϭ 35) and 11.4% of light females (n ϭ 35) had mated, with the percentages not signiÞcantly different ( 2 ϭ 0.128; df ϭ 1; P ϭ 0.721). After given males for 24 h, no signiÞcant difference was found in the mated percentage between the two morphs, neither in the tests with only one morph of females present nor in the test with both morphs of females present (Table  2 ). Higher frequency of females of each morph were mated when given dark males compared with given light males, and this difference was signiÞcant for dark females (dark female: 2 ϭ 6.777; df ϭ 1; P ϭ 0.009, light females: 2 ϭ 0.945; df ϭ 1; P ϭ 0.331).
Reproductive Capacity
In experiment I (using adults collected from overwintering sites), 12.5% of dark females (n ϭ 40) and 31.6% of light females (n ϭ 38) had mated before subjected to the experiment, with the percentage being signiÞcantly different between morphs ( 2 ϭ 4.162; df ϭ 1; P ϭ 0.041). After given males for 48 d, the percentage of mated females was similar between the color morphs; the percentage of egg-laying females was slightly higher in light than in dark females, but this difference was not statistically signiÞcant. Without males, light females were signiÞcantly more mated and had signiÞcantly higher oviposition rates than the dark females (Tables 3 and 4 ). Dark females with males provided had a higher ovipositing frequency, and both dark and light females had a longer oviposition period and deposited more eggs than those without extra males (Table 3) , but all of these differences were not signiÞcant (Table 5 ).
In experiment II (with males supplied), 64.1% of dark females (n ϭ 39) and 75.6% of light females (n ϭ 45) had mated before subjected to the experiment, with the percentage being not signiÞcantly different between morphs ( 2 ϭ 1.311; df ϭ 1; P ϭ 0.252). After given males, light and dark females were equally mated, but light females oviposited signiÞcantly more frequently than dark females (Tables 3 and 4) .
In experiment III (without males provided), 10.0% of dark females (n ϭ 30) and 5.0% of light females (n ϭ 20) had mated before subjected to the experiment, with the percentage being not signiÞcantly different between morphs ( 2 ϭ 1.191; df ϭ 1; P ϭ 0.662). After feeding 48 d, the percentage of mated and egg-laying females was similar between the color morphs (Tables  3 and 4) .
With males supplied, the percentage of ovipositing females was lower than that of mated, especially in dark females (experiments I and II); however, without males, percentage of ovipositing was higher than that of mated (experiments I and III; Tables 3 and 6) .
In all experiments, the color morphs were similar in terms of oviposition period, number of deposited eggs, and survival rate of the females as experiments ended (Tables 3 and 4 ). Providing males reduced female survival (Tables 3 and 5 ).
Fertility of Offspring Eggs
In experiments I, II, and III, 29, 27, and 6 adults were sampled, respectively, for offspring egg fertility. Egghatching percentage was similar between the female color morphs and between unmated and mated females (Table 7) .
Discussion
The ßip time tests indicated that spring-collected L. oryzophilus dark females were less active than light females. This Þnding was consistent with the behavior of the weevil in another test (conducted under Ϸ20ЊC with ßuorescent lighting), where the dark morph usually displayed a higher tendency than the light of congregating after being placed in a petri dish. The mechanisms responsible for such a difference are not clear. We compared the body size of females between the two morphs. In dark females, body length, elytral length, elytral width, and hindtibia length were 3.07 (excluding head length), 2.20, 1.52, and 0.81 mm, respectively, and in light females were 2.97, 2.13, 1.45, and 0.79 mm, respectively, with each indication being signiÞcantly greater in the dark morph; but the tibia: body-length ratio, which was 0.256 and 0.265 in dark and light females, respectively, was not signiÞcantly different between morphs (t ϭ 1.214; df ϭ 80; P ϭ 0.228, t-test). During mid-May, when female activity was signiÞcantly different between the two morphs (Table 1) , ovaries were much less developed in dark than in light females (Jiang et al. 2006) . However, it is not clear whether any exact relations exist between ovarian developmental and activity pattern.
The mating tests indicated that dark and light L. oryzophilus females were similarly mated, irrespective of the morph of paired males. In addition, although accounting for only 7.4% of adults from overwintering sites (Jiang et al. 2006) , the dark males could successfully copulate with females and inseminate them. Thus, in this insect, mating among morphs may be random, as has been reported for the coccinellid Har- monia axyridis Pallas, another elytral polymorphic insect (Osawa and Nishida 1992) .
In the females used in mating tests and reproduction observations, a proportion of individuals in each morph had been mated before subjected to experiments. When these females mated was not clear. Nilakhe (1977) reported that, in Louisiana, approximately one in seven overwintering females collected during February were mated. In Beaumont, TX, we surveyed the percentage of mated females from overwintering sites, rice Þelds, and a light trap from mid-April to late May (Jiang et al. 2006 ), but their mating status at earlier times was unknown. Whether the time of mating (e.g., before overwintering, after overwintering but before movement to rice Þelds, or after movement to Þelds) could affect subsequent oviposition and reproduction needs to be studied.
In the females collected from overwintering sites from 9 to 13 April (they were used in experiment I), the dark and light morphs were signiÞcantly different in the mating percentage before use (12.5 [n ϭ 40] and 31.6% [n ϭ 38], respectively). However, according to our surveys in Beaumont described above, the two morphs had a similar mating status in overwintering sites (50 Ð91% of females mated from mid April to mid-May), rice Þelds (73Ð100% mated from late April to late May), and light traps (13Ð 49% mated from late April to late May), except during late April, when at overwintering sites, signiÞcantly more dark females (90.9%, n ϭ 40) were mated than light (74.5%, n ϭ 47) (Jiang et al. 2006) . By combining the results of mating tests in this study, we conclude that mating of this weevil has little relationships to elytral morphs. On this basis, we speculate that the Þnding of collected females of signiÞcant between-morph difference in mating percentage may not be biologically signiÞcant. However, such a difference might have affected our results from experiment I reported here: in the malenot-supplied treatment, the higher ovipositing percentage in light females (72.7%) might be in part attributed to their higher mating percentage before use (36.4%) compared with the dark females (31.6% ovipositing and 10.5% mated).
The lower ovipositing percentages compared with the mated in the male-supplied treatment (experiment I: 54.5% ovipositing and 81.8% mated in dark females; experiment II: 29.4% ovipositing and 91.2% mated in dark females, and 63.9% ovipositing and 83.3% mated in light females; Table 3) indicated that there were at least 27.3% of dark females and 19.4% of light ones had mated but not oviposited throughout the rearing period. This implies that a sufÞcient mating experience might be necessary for this weevil before reproductive development can be initiated. However, oviposition had occurred in some females of each morph, in which no mating experience could be detected, and their eggs produced larvae. That is, these females probably reproduced parthenogenetically. The speciÞc relations of oviposition and mating, and the proportion of parthenogenetic females, need to be studied.
Overall, light females seemed to have a greater tendency of becoming reproductive individuals than dark ones, regardless of exposure to males. This difference might be associated with two factors. First, the proportion of parthenogenetic females (if they exist) in the light morph may be higher than in the dark morph. Second, light females may have fewer requirements for mating experience before reproductive development is initiated.
Some results obtained in this study would be more meaningful if virgin females had been used originally. We tried obtaining virgin females by individually rearing pupae taken from rice roots to the adult stage, but our attempts were largely unsuccessful. Moreover, artiÞcial rearing of L. oryzophilus has not been very The parental adults for this observation were sampled from the three experiments described in Table 3 . Values in parentheses are the no. of parental adults observed. successful, although several attempts have been conducted (Ukishiro et al. 1990 , Ratnayake 2004 , Zhang et al. 2004 ).
In conclusion, light females of L. oryzophilus were more active than dark females, but both morphs can equally successfully mate with males and have similar reproductive potential and longevity. Therefore, we speculate that elytral dimorphism in this insect is related little, if any, to its population dynamics in indigenous areas. Moreover, although a sufÞcient mating experience might be necessary for females before reproductive development can be initiated, parthenogenetic individuals do exist in each color morph in southeast Texas. These results, along with those obtained in our earlier study (Jiang et al. 2006) , expand our knowledge of the ecological signiÞcance of color morph in this weevil and may help explain patterns of population dynamics of each morph observed in the Þeld.
